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Variations in Land Use and Nonpoint-Source
Contamination on the Fort Berthold

Indian Reservation, West-Central

North Dakota, 1990-93

By Kathleen M. Macek-Rowland and Robert M. Lent

ABSTRACT

The effects of land-use activities on the water quality of five streams on the Fort Berthold
Indian Reservation were evaluated. The five basins evaluated were East Fork Shell Creek,
Deepwater Creek, Bear Den Creek, Moccasin Creek, and Squaw Creek. East Fork Shell Creek
and Deepwater Creek Basins are located east of Lake Sakakawea and Bear Den Creek, Moccasin
Creek, and Squaw Creek Basins are located west of the lake. Land-use data for the five selected
basins on and adjacent to the Fort Berthold Indian Reservation were obtained for 1990-92.
Discharge measurements were made and water-quality samples were collected at stations and
sites on each of the five streams during October 1991 through September 1993.

Analysis of land-use data indicated that prairie was the largest land-use category in the study
area. More prairie acreage was found in the basins located west of Lake Sakakawea than in the
basins located east of the lake. Wheat was the predominant crop in the study area. More wheat
acreage was found in the basins located east of Lake Sakakawea than in the basins located west of
the lake.

Discharge data for the five selected streams indicated that all of the streams were ephemeral
and had many days of no flow during the study period. High flows were usually the result of
spring runoff or intense storms over the basins. East Fork Shell Creek and Deepwater Creek with
larger basins and flatter stream slopes had high flows characterized by rapidly rising flows and
gradually receding flows. In contrast, Bear Den Creek, Moccasin Creek, and Squaw Creek with
smaller basins and steeper stream slopes had high flows characterized by rapidly rising flows and
receding flows of shorter duration.

Analysis of water-quality samples indicated concentrations of nitrogen, phosphorus, and total
organic carbon varied throughout the study area. Nitrogen concentrations were larger in the
streams located east of Lake Sakakawea than in the streams located west of the lake. The largest
nitrogen concentrations in all of the streams occurred during the nongrowing periods.
Phosphorus (orthophosphate and total phosphorus) concentrations were larger in the streams
located east of Lake Sakakawea than in the streams located west of the lake. The larger
orthophosphate concentrations in the eastern streams may be indicative of insecticide application
in the eastern streams’ basins. Total organic carbon concentrations were fairly consistent in all
five streams.



Water-quality samples were analyzed for the pesticides atrazine, carbofuran, cyanazine, and
2,4-D by using immunoassay testing. Pesticide concentrations above the minimum reporting
levels were more prevalent in samples from streams located east of Lake Sakakawea than in the
streams located west of the lake. The eastern streams drain areas where herbicides were applied
to crops.

Fecal-bacteria concentrations were larger in the streams located west of Lake Sakakawea,
where prairie is more dominant, than in the streams located east of the lake. The larger
concentrations and loads were associated with intense storm events and the presence of livestock.

INTRODUCTION

The potential for surface-water contamination by land-use activities in North Dakota is receiving
increased attention from Federal, State, and local agencies. Surface water is the principle source of water
for many communities in North Dakota. In recent years, there have been a number of new and proposed
projects to transport and deliver surface water to communities throughout North Dakota. Nonpoint-source
contamination resulting from land-use activities may affect the water quality of these surface-water
resources.

Streams in North Dakota, as in much of the central plains, are distinct from streams in other areas of
the country. Many of the streams in North Dakota are ephemeral with relatively large drainage areas
compared to the amount of discharge. In addition, many of the streams receive ground-water discharge
that tends to have large concentrations of dissolved-solids. Little is known about the occurrence and
transport of agricultural chemicals in these streams.

The Fort Berthold Indian Reservation is located in west-central North Dakota (fig. 1). Because this
area is rural and dominated by agriculture, surface-water resources in the area may be susceptible to
nonpoint-source contamination, including nutrients from agricultural fields and livestock (cattle and
horses), pesticides used on crops and rangeland, and micro-organisms from the feces of grazing animals.
The Three Affiliated Tribes of the Fort Berthold Indian Reservation needs information on land use and
nonpoint-source contamination in order to make decisions concerning the regulation of 1and use and the
protection of water resources on the Reservation.

The Fort Berthold Indian Reservation is bisected by Lake Sakakawea. The east side of the
Reservation is characterized as glaciated prairie. The topography is hummocky. The area is drained by a
number of small streams and primarily is used as cropland. Important cash crops include wheat, other
small grains, and sunflower. In contrast, the west side of the Reservation is characterized as badlands. The
topography is dissected by buttes and coulees incised by streams. The area primarily is used as rangeland.
Therefore, different land-use activities on the two sides of the Reservation may have different effects on
the chemical and bacteriological quality of the surface water.

The fate of many agricultural chemicals in agrarian soils is well defined; however, little is known
about the occurrence and distribution of these agricultural chemicals in prairie streams. In 1992, the U.S.
Geological Survey began an investigation in cooperation with the Three Affiliated Tribes to assess
nonpoint-source contamination of surface water on the Fort Berthold Indian Reservation. Particular
emphasis was placed on identifying the occurrences and concentrations of selected agricultural chemicals
in surface water and on evaluating the quality of surface water affected by livestock grazing on riparian
lands.
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Flgure 8. Mean daily discharge and discharge measurements for East Fork Shell Creek near Parshall, North Dakota,
October 1991 through September 1933.
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Deepwater Creek is located east of Lake Sakakawea and flows from the northeast to the southwest.
During October 1991 through September 1993, mean daily discharge ranged from no flow for many days
to 65 cubic feet per second on July 29, 1993 (fig. 9).

Bear Den Creek is located along the western boundary of the Fort Berthold Indian Reservation and
flows from the north to the south, then northeastward. During October 1991 through September 1993,
mean daily discharge ranged from no flow for many days to 380 cubic feet per second on July 27, 1993
(fig. 10).

Moccasin Creek is located in the southwest part of the Fort Berthold Indian Reservation and flows
from the northwest to the southeast. During October 1991 through September 1993, discharge ranged
from no flow for many days to 106 cubic feet per second on July 28, 1993 (fig. 11).

Squaw Creek is located in the southwest part of the Fort Berthold Indian Reservation and flows from
the northwest to the southeast. During October 1991 through September 1993, discharge ranged from no
flow for many days to 60 cubic feet per second on July 28, 1993 (fig. 12).

VARIATIONS IN NONPOINT-SOURCE CONTAMINATION

Water samples were collected and analyzed for selected nutrients, total organic carbon, pesticides, and
bacteria. Water quality in all North Dakota streams is regulated by State standards (North Dakota State
Department of Health and Consolidated Laboratories, 1991). Not all the constituents discussed in this
report have State standards. The standards set for nitrates and phosphorus are interim guideline limits and
may change after the State evaluates each stream’s individual characteristics because the characteristics
affect the levels of those constituent concentrations. The State reserves the right to set the standard for
other selected constituents for each stream after further study; therefore, the standards are not given for
those constituents.

Nutrients and Total Organic Carbon

Nutrients can cause eutrophication in water bodies and when found in sufficient quantities are
indicators of different types of water pollution. Nitrogen concentrations in water can be found in several
different forms. The form and quantity of nitrogen compounds present in water can indicate the source
from which the compounds were derived and their chemical alteration process. Organic nitrogen will
decompose to ammonia, ammonia will decompose to nitrite, and nitrite will decompose to nitrate.
Livestock waste is in the form of organic nitrogen and ammonia. Fertilizer is in the form of ammonia or
nitrate. The North Dakota water-quality standard for dissolved nitrate is 1.0 milligram per liter and is
intended as an interim guideline limit. However, the standard shall not exceed 10 milligrams per liter.

Nitrite plus nitrate concentrations varied throughout the study area (table 3). Nitrite plus nitrate
concentrations ranged from <0.05 to 1.6 milligrams per liter as N at East Fork Shell Creek near Parshall,
N. Dak., and Deepwater Creek near Raub, N. Dak. Nitrite plus nitrate concentrations ranged from
<0.05 to 0.12 milligram per liter as N at Bear Den Creek near Mandaree, N. Dak., Moccasin Creek at
mouth near Mandaree, N. Dak., and Squaw Creek above mouth near Mandaree, N. Dak.

Phosphorus is found in sewage effluent and is always present in livestock wastes because the element
is essential in metabolism. Also, a reduced form of phosphorus (orthophosphate) is found in some
synthetically-produced chemicals such as insecticides. The North Dakota water-quality standard for total
phosphorus is 0.1 milligram per liter and is intended as an interim guideline limit. There is no State
water-quality standard for orthophosphate.
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Figure 9. Mean daily discharge and discharge measurements for Deepwater Creek near Raub, North Dakota,
October 1991 through September 1993.
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Figure 10. Mean daily discharge and discharge measurements for Bear Den Creek near Mandaree, North Dakota,
October 1991 through September 1993.
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Figure 11. Discharge measurements for Moccasin Creek at mouth near Mandaree, North Dakota, October 1991
through September 1993.
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Figure 12. Discharge measurements for Squaw Creek above mouth near Mandaree, North Dakota, October 1991

through September 1993.
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During the study period, phosphorus concentrations (orthophosphate and total phosphorus), on
average, were larger in the streams located east of Lake Sakakawea than in the streams located west of the
lake. Orthophosphate concentrations ranged from <0.01 to 0.44 milligram per liter at East Fork Shell
Creek near Parshall, N. Dak., and Deepwater Creek near Raub, N. Dak. Orthophosphorus concentrations
ranged from 0.01 to 0.08 milligram per liter at Bear Den Creek near Mandaree, N. Dak., Moccasin Creek
at mouth near Mandaree, N. Dak., and Squaw Creek above mouth near Mandaree, N. Dak. The larger
orthophosphate concentrations in the eastern streams may be indicative of some insecticide application
because the eastern basins are dominated by cropland.

Total phosphorus concentrations also were larger in the eastern streams than in the western streams.
Total phosphorus concentrations ranged from 0.10 to 0.49 milligram per liter at East Fork Shell Creek near
Parshall, N. Dak., and Deepwater Creek near Raub, N. Dak. Total phosphorus concentrations ranged from
0.03 to 0.35 milligram per liter at Bear Den Creek near Mandaree, N. Dak., Moccasin Creek at mouth near
Mandaree, N. Dak., and Squaw Creek above mouth near Mandaree, N. Dak., with the exception of
1.1 milligrams per liter at Moccasin Creek at mouth near Mandaree, N. Dak., on July 28, 1993. This large
total phosphorus concentration was collected after an intense rainstorm with livestock present in the basin.

Total organic carbon concentrations, in large amounts, could make water unsuitable for human use
and toxic to certain life forms. There is no North Dakota water-quality standard for total organic carbon.
During the study period, total organic carbon concentrations were slightly smaller in the streams located
east of Lake Sakakawea than in the streams located west of the lake. Total organic carbon concentrations
ranged from 19 to 27 milligrams per liter at East Fork Shell Creek near Parshall, N. Dak., and Deepwater
Creek near Raub, N. Dak. Total organic carbon concentrations ranged from 16 to 34 milligrams per liter at
Bear Den Creek near Mandaree, N. Dak., Moccasin Creek at mouth near Mandaree, N. Dak., and Squaw
Creek above mouth near Mandaree, N. Dak.

Pestlcldes

Samples were collected and analyzed for atrazine, carbofuran, cyanazine, and 2,4-D using
immunoassay analysis (table 4). These pesticides were chosen because they are commonly used in North
Dakota. Atrazine, cyanazine, and 2,4-D are common herbicides used in wheat production. Carbofuran is
a common insecticide used in sunflower and potato production. There is no North Dakota water-quality
standard for pesticides. The minimum reporting levels for the four pesticides using immunoassay analysis
are:

Minimum
Pesticide rep?rting level
(micrograms
per liter)
Atrazine (dissolved & total) <0.05
Carbofuran (dissolved & total) <.06
Cyanazine (dissolved & total) <.04
2,4-D (dissolved & total) <7
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With relatively few exceptions, concentrations of atrazine, carbofuran, and cyanazine, were below the
minimum reporting levels in samples from all five streams during the study period. Atrazine was above
the minimum reporting level in two samples (0.06 and 0.09 microgram per liter) from East Fork Shell
Creek near Parshall, N. Dak., in one sample (0.07 microgram per liter) from Deepwater Creek near Raub,
N. Dak., and in one sample (0.10 microgram per liter) from Squaw Creek above mouth near Mandaree,
N. Dak. Carbofuran was above the minimum reporting level in one sample (0.10 microgram per liter)
from East Fork Shell Creek near Parshall, N. Dak. Cyanazine was below the minimum reporting level in
all samples from the five streams.

Samples with detectable concentrations of 2,4-D were relatively common in the streams located east
of Lake Sakakawea. Detected concentrations of 2,4-D (dissolved and total) ranged from 0.74 to
1.3 micrograms per liter at East Fork Shell Creek near Parshall, N. Dak., and from 0.74 to 33 micrograms
per liter at Deepwater Creek near Raub, N. Dak. Maximum 2,4-D concentrations were observed during
May, June, and July. These results indicate that the cropped areas in the study area represent potential
sources of herbicide contamination to Lake Sakakawea. In contrast, 2,4-D was above the minimum
reporting level in only two samples from the streams located west of Lake Sakakawea and both samples
were from Squaw Creek above mouth near Mandaree, N. Dak. At the time samples were collected, local
officials were in the area spraying for the noxious weed, leafy spurge. The general lack of detectable
2,4-D concentrations in the streams located west of Lake Sakakawea is consistent with the results of the
land-use investigation.

The instantaneous load of pesticides being transported by streams can be computed by multiplying the
concentrations by stream discharge. The instantaneous loads of pesticides are influenced by variations in
discharge. While the largest 2,4-D concentrations at Deepwater Creek near Raub, N. Dak., were measured
during June and July of 1992, the calculated load of 2,4-D was relatively small. For example, the
calculated load for 2,4-D was 21 micrograms per second on June 25, 1992. In contrast, while a much
smaller 2,4-D concentration at Deepwater Creek near Raub, N. Dak., was measured on July 27, 1993, the
calculated load of 2,4-D was much larger (414 micrograms per second).

None of the samples analyzed using GC/MS showed pesticide concentrations above the minimum
reporting levels for atrazine, carbofuran, cyanazine, and 2,4-D, even though the immunoassay results
indicated otherwise. Differences in the results between the two analyses are due to the differences in the
methods themselves. Some immunoassay tests identify not only a specific pesticide, but also related
degradation products. Thus, a sample tested by immunoassay analysis might test positive for a class of
pesticides and degradation products, but the specifically targeted pesticide might not be detected when
analyzed by the GC/MS method.

Using the GC/MS method, another pesticide, metribuzin, was identified with concentrations above the
minimum reporting level. The minimum reporting level for metribuzin is <0.01 microgram per liter.
Metribuzin was above the minimum reporting level in four samples from East Fork Shell Creek near
Parshall, N. Dak. Concentrations ranged from 0.01 to 0.02 microgram per liter. Metribuzin is a herbicide
used for controlling many grass and broadleaf weeds infesting corn, wheat, and other agricultural crops.

Bacterla
Fecal-coliform and fecal-streptococci bacteria concentrations are used as indicators of fecal
contamination and help to define the water quality of streams. Both types of bacteria are present in the

intestines of warm-blooded animals, including man, and may indicate the presence of intestinal
microorganisms capable of causing disease. The North Dakota water-quality standard for fecal-coliform is
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200 colonies per 100 milliliters of water. This standard only applies during the recreation season May 1
through September 30. None of the streams sampled for this study are considered by the State to be
recreational streams.

The ratio of fecal-coliform bacteria to fecal-streptococci bacteria in surface water can provide
information on the source of contamination (table 5). Possible sources of contamination as indicated by
the ratio of fecal-coliform bacteria to fecal-streptococci bacteria are:

Ratio of fecal
Source coliform to fecal
streptococci
Human 4.6
Ducks .6
Sheep 4
Pigs 4
Cows 2

(Data from Bordner and others, 1978)

Fecal-coliform to fecal-streptococci ratios are not always recommended as a means of differentiating
human and animal sources of pollution in many areas of the country. This is because of the variable
survival rates of some fecal-streptococcus group species when exposed to an aquatic environment and the
influence of disinfected wastewater on fecal material already present in water. However, the streams in the
study area are known not to be subject to wastewater treatment, and actual sightings of certain animal
species in the area of the streams indicate the fecal-coliform to fecal-streptococci ratio is a viable indicator
of sources of waste contamination for this study area.

Fecal-bacteria concentrations varied substantially from stream to stream during the study period
(table 5). The ranges in fecal-bacteria concentrations were larger in the streams located west of Lake
Sakakawea, where prairie is more predominant, than in the streams located east of the lake, where
cropland is more dominant. At Bear Den Creek near Mandaree, N. Dak., fecal-coliform concentrations
ranged from 2 to 2,600 colonies per 100 milliliters, and fecal-streptococci concentrations ranged from 4 to
6,700 colonies per 100 milliliters. In contrast, at Deepwater Creek near Raub, N. Dak., fecal-coliform
concentrations ranged from 53 to 180 colonies per 100 milliliters, and fecal-streptococci concentrations
ranged from 150 to 580 colonies per 100 milliliters. The large concentrations of fecal bacteria in the
streams located west of Lake Sakakawea coincided with periods of livestock grazing in those areas.

The larger fecal-bacteria concentrations in the streams located west of Lake Sakakawea coincided
with periods of high discharge during summer months and presumably are the result of surface runoff from
rangeland during storm events (figs. 13 and 14). In contrast, large fecal-bacteria concentrations in the
streams located east of Lake Sakakawea did not always coincide with periods of high flow. The streams
located east of Lake Sakakawea tended to flow more often than the streams located west of the lake, and
the basins located east of Lake Sakakawea had less rangeland than the basins located west of the lake.
Therefore, large fecal-bacteria concentrations normally associated with large discharge were not as evident
as in the western streams.
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Table 5. Discharge, fecal-coliform concentrations, and fecal-streptococci concentrations for three
continuous-recording gaging stations and two miscellaneous discharge measurement sites on
the Fort Berthold Indian Reservation, west-central North Dakota, 1992-93

[fl3/s, cubic feet per second; --, no data]

Fecal Fecal Ratio of fecal
Date Discharge coliform streptococci coliform
(£3/s) (colonies per (colonies per to fecal
100 milliliters) 100 milliliters) streptococci
East Fork Shell Creek near Parshall, N. Dak. (06332523)
1993-05-04 14 21 640 0
1993-05-25 42 110 310 35
1993-06-09 18 1,200 1,500 .80
1993-06-22 .63 700 840 .83
1993-07-07 8.6 300 880 .34
1993-07-27 33 78 1,800 4
1993-08-10 55 64 75 .85
Deepwater Creek near Raub, N. Dak. (06332770)
1993-05-04 1.2 120 260 0.46
1993-05-25 .16 180 190 95
1993-06-09 26 160 200 .80
1993-06-22 34 -- 580 --
1993-07-07 18 130 250 .52
1993-07-27 20 140 320 44
1993-08-10 54 53 150 35
Bear Den Creek near Mandaree, N. Dak. (06332515)

1992-02-19 0.12 9.0 40 0.22
1992-04-15 25 2.0 23 .09
1992-07-08 12 840 1,600 52
1992-10-06 18 700 4.0 175
1993-05-05 17 420 61 6.89
1993-05-20 12 31 17 1.82
1993-06-16 20 380 140 2.7
1993-07-28 333 2,600 6,700 .39
1993-08-11 52 210 580 .36

Moccasin Creek at mouth near Mandaree, N. Dak. (06337470)
1993-05-20 0.01 230 52 442
1993-06-16 .04 100 240 A2
1993-07-28 106 8,400 18,000 A7
1993-08-11 .06 350 90 3.89

Squaw Creek above mouth near Mandaree, N. Dak. (06337480)

1993-07-28 60 10,000 18,000 0.56
1993-08-11 .04 1,100 320 3.44

The instantaneous load of fecal bacteria being transported by the streams can be computed by
multiplying the concentration by the discharge. As previously noted, the fecal-bacteria concentration is
more proportional to discharge in the western basins than the eastern basins. During high discharge
events, such as occurred in Bear Den Creek, Moccasin Creek, and Squaw Creek on July 28, 1993,

increased fecal-bacteria concentrations resulted in elevated loads of fecal bacteria as much as six orders of
magnitude or larger above base flow conditions. Two conditions which accounted for the larger fecal-
bacteria loads in these streams were an intense rainstorm over the area and the large numbers of livestock
nearby.
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SUMMARY AND CONCLUSIONS

Spatial and temporal variations in nonpoint-source contamination in surface water in the Fort Berthold
Indian Reservation area during 1990-93 were related to variations in land-use pattemns and streamflow.
Land-use and streamflow data can be used to help explain possible sources of nonpoint-source
contamination. A thorough understanding of land-use variations and streamflow from streams in an area
may be used to help design a water-quality monitoring program for human needs and help in the
interpretation of water-quality data.

Land use varied over the study area. Prairie was the largest land-use category in the study area.
Wheat was the second largest land-use category and the predominant crop in the study area. Bear Den
Creek, Moccasin Creek, and Squaw Creek Basins had more acres devoted to prairie than East Fork Shell
Creck and Deepwater Creek Basins. Generally, East Fork Shell Creek and Deepwater Creek Basins had
more acres planted in crops, particularly wheat, than Bear Den Creek, Moccasin Creek, and Squaw Creek
Basins.

Discharge for all five streams in the study area ranged from zero flow for many days to peaks of high
flow from spring runoff or intense storms. East Fork Shell Creek and Deepwater Creek (northeast and east
of Lake Sakakawea) with larger basins and flatter stream slopes had high flows characterized by rapidly
rising flows and gradually receding flows. In contrast, Bear Den Creek, Moccasin Creek, and Squaw
Creck (west of the lake) with smaller basins and steeper stream slopes had high flows characterized by
rapidly rising flows and receding flows of shorter duration.

Nitrogen concentrations varied throughout the study area. Nitrogen concentrations were larger in the
streams located east of Lake Sakakawea than in the streams located west of the lake. The largest nitrogen
concentrations in all of the streams occurred during the nongrowing periods. Phosphorus concentrations
were larger for the streams located east of Lake Sakakawea than for the streams located west of the lake
and may be indicative of insecticide application in the eastern basins. Total organic carbon concentrations
were found to be fairly consistent in all the streams sampled.

With few exceptions, concentrations of atrazine, carbofuran, and cyanazine were below minimum
reporting levels for all five streams sampled. Immunoassay results indicated 2,4-D was the most
commonly detected pesticide of the four pesticides analyzed. The herbicide 2,4-D is commonly used in
wheat production. Concentrations of 2,4-D were present in several water samples taken at East Fork Shell
Creek near Parshall, N. Dak., and Deepwater Creek near Raub, N. Dak. The largest wheat production in
the study area is found in these two basins. Only two water samples taken from the streams located west of
Lake Sakakawea had 2,4-D concentrations above the minimum reporting level and both of those water
samples were from Squaw Creek above mouth near Mandaree, N. Dak. One other pesticide, metribuzin,
found at East Fork Shell Creek near Parshall, N. Dak., was above the minimum reporting level in four
samples as determined by gas chromatography analysis.

The fecal-bacteria concentrations found in the streams located west of Lake Sakakawea generally
were larger than in the streams located east of the lake. The larger fecal-bacteria concentrations coincided
with the presence of livestock in the area. Discharge can have a significant effect on the instantaneous load
of fecal bacteria in surface water.

With the development of surface-water resources as potential water sources for human and animal use,
consideration must be given to nonpoint-source contamination. Variations in land-use patterns were
shown to affect spatial and temporal variations in nonpoint-source contamination. A more intense
monitoring program would more fully characterize the areal extent, longevity, and intensity of nonpoint-
source contamination on the Fort Berthold Indian Reservation.
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